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© Buck switching regulator with two control loops. 

© A voltage regulation apparatus wherein changes 
in load current (lo) are not rapidly reflected in the 
input current (li) said apparatus comprising: 
a power source (2) for providing an input current (li), 
means (6) having a controllable duty cycle for pulse 
width modulating the input current (li) at a preselec- 
ted frequency, filter means (10, 12) connected to the 
output of the means (6) for pulse width modulating, 
which removes the preselected frequency, a load 
connected to the output of the filter means (10, 12), 
a load voltage (Eo) appearing thereacross, first feed- 
back means (24) responsive to the load voltage (Eo) 
for controlling the duty cycle of the pulse width 
modulator (6) so as to regulate the load voltage, said 
first feedback means (24) having a relatively long 
time constant so that changes in the load current 
(lo) are not rapidly reflected in the input current (li), 
and second feedback means (26) responsive to the 
load voltage (Eo) rising above a predetermined level 
for taking control of the duty cycle of the pulse width 
modulator (6), said second feedback means (26) 
having a relatively short time constant for more 
tightly regulating the load voltage (Eo) in those in- 
stances where such voltage rises above said pre- 



determined level. 
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© Buck switching regulator with two control loops. 



© A voltage regulation apparatus wherein changes 
in load current (lo) are not rapidly reflected in the 
input current (li) said apparatus comprising: 
a power source (2) for providing an input current (li), 
means (6) having a controllable duty cycle for pulse 
width modulating the input current (li) at a preselec- 
ted frequency, filter means (10, 12) connected to the 
output of the means (6) for pulse width modulating, 
which removes the preselected frequency, a load 
connected to the output of the filter means (10, 12), 
a load voltage (Eo) appearing thereacross, first feed- 
^ back means (24) responsive to the load voltage (Eo) 
^£ for controlling the duty cycle of the pulse width 
modulator (6) so as to regulate the load voltage, said 



first feedback means (24) having a relatively long 



m 

^ time constant so that changes in the load current 
(lo) are not rapidly reflected in the input current (li), 

^ and second feedback means (26) responsive to the 
load voltage (Eo) rising above a predetermined level 
for taking control of the duty cycle of the pulse width 
modulator (6), said second feedback means (26) 
having a relatively short time constant for more 

^ tightly regulating the load voltage (Eo) in those in- 
stances where such voltage rises above said pre- 
determined level. 
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The present invention is directed to switching 
power supplies, and particularly to improved volt- 
age regulating apparatus for such power supplies. 

For many applications, it is important to keep 
rapid changes in the load current which is provided 
by a regulated power supply from being reflected 
back to the input current. For example, such an 
application is when a three phase source is used to 
power single phase equipment. In such an arrange- 
ment, the output of the three phase source may be 
rectified, and then converted to single phase A.C. It 
is important in such an application to approximately 
equalize the phase currents at the input, so that a 
fuse or circuit breaker is not opened on one of the 
input lines when excessive current flows in it. 

In order to prevent rapid changes in load cur- 
rent from being reflected to the input in a buck 
switching type regulator, the feedback loop may be 
arranged to be relatively slow. This arrangement 
will have the effect of spreading any reflection of 
load current changes into the input over several 
A.C- cycles. Thus, in the case where a three phase 
input is used, changes in the load current will be 
averaged over the three phases, rather than having 
a pronounced effect on any one phase. 

However, when a relatively slow feedback loop 
is used, the voltage regulation at the load suffers to 
a certain extent. While such a feedback loop pro- 
vides adequate regulation under most operating 
conditions, if the load voltage should rise rapidly, 
the feedback loop may not follow fast enough to 
prevent damage to a circuit component. 

It is to the solution of this problem which the 
present invention is directed. 

It is thus an object of the invention to provide a 
power supply apparatus wherein rapid changes in 
the load current are not reflected in the input 
current. 

It is a further object of the invention to limit the 
maximum value of the load voltage to a predeter- 
mined level. 

In accordance with the invention, a switching 
power supply is provided wherein the input current 
is pulse width modulated by a modulator having a 
controllable duty cycle. The output of the modula- 
tor is filtered to eliminate the high frequency modu- 
lation component, and the output is applied to a 
load. A first feedback loop having a relatively long 
time constant and a relatively low gain is provided 
between the load voltage and an input of the pulse 
width modulator for controlling the duty cycle 
thereof. Additionally, a second feedback loop which 
has a shorter time constant and greater gain is 
provided, and is arranged to take over control when 
the output voltage attains a predetermined level. In 
accordance with the invention, the circuit is ar- 
ranged so that the first feedback loop controls 
during normal operation with the effect that rapid 



changes in load current ar not reflected to the 
input during such operation, while the second feed- 
back loop controls when the output voltage ex- 
ceeds a predetermined level, and is operative to 
5 limit the voltage to such level. 

The invention will be better understood by re- 
ferring to the accompanying drawings, wherein: 
Fig. 1 is a circuit diagram of an embodiment 
of the invention. 
10 Fig. 2 shows the three phase arrangement 
which may be used as an input to the 
circuit of Fig. 1. 
Referring to Fig. 1, a D.C. voltage source 2 
which provides input voltage Ei and input current li 
is is shown. This current is fed to input 7 of pulse 
width modulator 6, which has a controllable duty 
cycle as determined by feedback voltage Ve, which 
is fed to input 9. Switching power supplies which 
include a feedback controlled pulse width modula- 
20 tor for introducing regulation are well known, and 
for example, such an arrangement is shown in 
detail, in U.S. Patent No. 3,737,755. 

The output of the pulse width modulator is fed 
to a low pass filter comprised of inductor 10 and 
25 capacitor 12, which removes the modulation fre- 
quency. Additionally, free wheeling diode 8 is pro- 
vided, so as to maintain continuous current in in- 
ductor 10. 

The circuit is loaded by current source 14, 

30 which is disposed across capacitor 12, and the 
load voltage Eo is fed to feedback loops 24 and 26, 
which determine the control voltage Ve which is 
fed to input 9 of pulse width modulator 6 to control 
the duty cycle thereof. 

35 In accordance with the invention, feedback loop 

24 controls under normal operating conditions, and 
this loop is arranged to have a relatively long time 
constant and a relatively low loop gain. The reason 
for this is to prevent rapid changes in the output 

40 current lo from being reflected into the input cur- 
rent li. Thus, with a relatively slow loop, a rapid 
change in lo will be averaged over several cycles 
of li. With such an arrangement, the capacitor 12 
sources and sinks the changes in load current, and 

45 regulation of the load voltage is adequate under 
most operating conditions. 

However, when the load voltage rises rapidly, 
the regulation which is provided by loop 24 may 
not be fast enough to prevent damage to circuit 

so components, and it is thus necessary to prevent 
the load voltage from rising above a predetermined 
level. In accordance with the invention, this is ac- 
complished by using a second feedback loop 26, 
which takes over control when the load voltage 

55 rises to the predetermined level. The second feed- 
back loop has a faster response and higher loop 
gain then the first loop, and thus quickly regulates 
the load voltage, so as to prevent it from rising to 
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The apparatus of anyone of the claims 1 to 4 
wh r in a referenc voltage (V Rt , V M ) Is fed to 
each operational amplifier means (26, 42), and 
wherein the reference voltage ((V R1 ) which is 
fed to the operational amplifier means (28) 5 
which is included in the first feedback means 
(24) has a smaller value than the reference 
voltage (V R2 ) which is fed to the operational 
amplifier means (42) which is included in the 
second feedback means (26), and wherein the 10 
reference voltage (V R2 ) which is fed to the 
operational amplifier (42) in the second feed- 
back means (26) corresponds to said predeter- 
mined voltage level. 

?s 

An apparatus for providing regulated direct 
current (lo) from a three phase alternating cur- 
rent source, comprising, 

a three phase power source (70) which pro- 20 
vides three phase input currents, 

a three phase rectifier (72) connected to said 
power source (70) for providing a direct current 

(li). 25 

means (6) having a controllable duty cycle for 
pulse width modulating the : direct current (li) at 
a preselected frequency, 

30 

filter means (10, 12) connected to the output of 
the means (6) for pulse width modulating, 
which removes the preselected frequency, 

a load connected to the output of the filter 35 
means (10, 12), a load voltage (Eo) appearing 
thereacross, 

first feedback means (24) responsive to the 
load voltage (Eo) for controlling the duty cycle 40 
of the pulse width modulator (6) so as to 
regulate the load voltage, said first feedback 
(24) means having a relatively long time con- 
stant so that changes in the load current (lo) 
are not rapidly reflected in the three phase 45 
input currents, and 

second feedback means (26) responsive to the 
load voltage (Eo) rising above a predetermined 
level for taking control of the duty cycle of the 50 
pulse width modulator (6), said second feed- 
back means (26) having a relatively short time 
constant for more tightly regulating the load 
voltage in those instances where such voltage 
rises above said predetermined level. 55 
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